N onspecific low back pain (LBP) is a major public health problem in industrialized societies, with lifetime prevalence between 60% and 85%. 1 Reviews point to beneficial effects of supervised exercises in people with chronic LBP, 2,3 but there is no clear evidence that any specific type of exercise is better than other forms of exercise. 4 -6 The term "specific exercise" has been used to describe quite different types of exercises, such as stabilization exercises and abdominal drawing-in maneuver (ADIM), 7, 8 individualized exercises, 9 supervised exercises, 10 and even what appear to be general exercises. 11, 12 It is plausible, therefore, that specifically targeted exercises with potential benefits relative to more general exercises may be concealed when different studies are summarized in reviews.
Motor control exercises for the deep trunk muscles were introduced for patients with chronic LBP based on evidence of motor control dysfunction, including delayed onset of activity in the transversus abdominis (TrA) and internal oblique abdominal muscles 13 and segmental hypertrophy of the lumbar multifidus muscle. 14 Early studies that tried to target these discrepancies with specific interventions [15] [16] [17] [18] [19] provided promising evidence for beneficial effects. A recent placebo-controlled study of patients with chronic LBP confirmed that motor control exercises produced improvements in both activity and patients' impressions of recovery in both the short term and long term, but that the improvements were small. 20 Another study that added specific stabilization exercises to general exercises, however, did not provide any evidence of beneficial effects on pain and disability. 21 According to Richardson et al, 22 the first step in rehabilitating motor skill is to train the patient to cognitively contract the deep trunk muscles independently. The ADIM has been emphasized in the early phase of exercises to regain control of the deep abdominal muscles and provide stability to the lumbar spine before progressing to heavier exercises. This low-load exercise approach has been met with considerable criticism by other authors who argued that stability of the spine should be targeted by forceful abdominal muscle contraction. 23, 24 Whether the ADIM has a direct effect on pain and function and how the effect of such low-load exercises compares with that of high-load or general exercises in the early phase of rehabilitation have not been studied. Hypothetically, low-load motor control exercises targeting local supporting lumbar muscles may produce different effects compared with either high-load motor control exercises potentially stimulating both local and global supporting lumbar muscles when performed in neutral spine positions or general exercises designed for strength (forcegenerating capacity) and flexibility.
The purpose of this study was to compare supervised low-load (primarily ADIM) motor control exercises and supervised high-load sling exercises with general exercises in the early phase of rehabilitation for patients with chronic LBP. Primary outcome measures were pain after intervention and at a 1-year follow-up. Secondary outcome measures were disability, fear avoidance, and trunk flexibility after intervention.
Method Setting and Participants
A randomized controlled trial with 3 intervention groups was conducted, with participants recruited from general practitioners or physical therapists (29/109) 
The Bottom Line
What do we already know about this topic?
Supervised exercises benefit patients with chronic nonspecific low back pain; however, the most effective type of exercise remains unknown.
What new information does this study offer?
This study compared motor control exercises, sling exercises, and general exercises in the early phase of rehabilitation for patients with chronic nonspecific low back pain. A course of 8 treatments did not show any overall group differences in pain, self-reported activity limitation, or function. and participants recruited from the health care providers had similar pain levels and ages. The participants included were 19 to 60 years of age with chronic nonspecific LBP of at least 3 months' duration and with pain at presentation between 2 and 10 on the Numeric Pain Rating Scale (NPRS) (0 -10). 25 Participants were excluded for the following reasons: previous back surgery, radiating pain below the knee or neurologic signs from nerve-root compression, systemic or widespread pain, overweight preventing ultrasound imaging, pregnancy, diagnosed psychiatric disease, sick leave for more than 1 year, recipient of disability benefits, unresolved social security or insurance problems, or insufficient language capabilities. Written informed consent was given by all participants before randomization.
Randomization and Interventions
Participants were randomly assigned to 1 of 3 treatment groups: (1) those who received low-load, individually instructed, ultrasound-guided motor control exercises (MCE group); (2) those who received high-load, individually instructed sling exercises (SE group); or (3) those who received general exercises (GE group). Eligibility was assessed by a research physical therapist, and enrolled patients were randomly assigned to groups after the pretreatment assessment. The randomization was administered by an independent study secretary via telephone. The secretary consecutively reported group allocation for included participants from a list of random numbers between 0 and 1 that were computationally generated. Participants with numbers in the lower third of the interval were assigned to the MCE group, those in the middle third of the interval were assigned to the SE group, and those in the upper third of the interval were assigned to the GE group. The column of random numbers was arbitrarily subdivided into variable blocks of 3 to 9 to obtain even The participants in all treatment groups attended treatment once a week for 8 weeks. The attendance at weekly treatment sessions was recorded, but adherence to home exercise was not recorded. All participants were encouraged to stay active in their daily life, as recommended by systematic reviews on advice for management of LBP. 26 In addition, all participants received a booklet with general information on LBP provided by the Norwegian Network of Back Pain (http://www.formi.no; in Norwegian) that also emphasized benefits of varied physical activity for nonspecific LBP. Participants were not allowed to receive other treatment for LBP during the intervention period.
Motor control exercises. The motor control exercise intervention is shown in Figure 1A . The motor control treatments lasted 40 minutes and took place in an outpatient clinic. The low-load motor control exercises were individualized and taught by a specially trained physical therapist according to a protocol on therapeutic exercise for lumbopelvic stabilization 27 and ultrasound imaging. 28, 29 Ultrasound imaging was used as both a teaching tool and an evaluation tool (separate substudy). Patients with motor control deficits may benefit from visual feedback of muscle function from ultrasound imaging. 30 Ultrasound imaging is increasingly used among clinicians to retrain motor control in the deep abdominal muscles.
The low-load motor control exercises focused on isolated control and activity of the TrA during the ADIM. 22 The aim of the ADIM was to voluntary activate TrA thickening and lateral slide while the internal oblique and external oblique abdominal muscles remained relatively unchanged. The exercises were executed with low effort and with relaxed respiration and were continuously monitored by direct observation of respiration and by realtime b-mode ultrasound imaging of superficial and deep muscle activity. Activity in the abdominal muscles was visualized on the ultrasound screen for each participant and used for feedback in all treatment sessions. Participants also were instructed in pelvic-floor and multifidus muscle contractions. Furthermore, a goal was to obtain controlled co-contraction of the TrA, the deep fibers of the multifidus muscle, and the pelvic-floor muscles while keeping other muscles relaxed. Participants who achieved isolated activity of the TrA in the supine position progressed to activation of the TrA similarly in sitting and standing positions.
Toward the end of the intervention period, the participants were instructed to incorporate the ADIM into activities of daily living. Written instruction to carry out the ADIM at home was provided, and participants were encouraged to perform 10 pain-free contractions 2 to 3 times per day, holding each contraction for 10 seconds. 22
Sling exercises. The sling exercise intervention is shown in Figure 1B . The participants in this group were instructed individually by a specially trained physical therapist. The exercises were chosen from a predefined set of back exercises in slings on the basis of an assessment of each participant's ability to keep the lumbar spine stable in the neutral position through a range of leg and arm positions and movements (Appendix 1). The sling method for dosing lumbopelvic exercises has been assessed in combination with other treatment modalities in earlier studies. 18,31 Unloading elastic bands were attached to the pelvis to help participants maintain the neutral spine position at all times and for exercises to progress without pain. Exercise progression was achieved by gradually reducing the elastic band support.
The supported position where the participants could no longer maintain the neutral spine position was used as the baseline for further exercise progression. By placing the participants in demanding but pain-free positions and asking them to hold the spine in neutral, the aim was to activate the deep and superficial stabilizing trunk muscles (local and global muscles). When weakness, pain, fatigue, or asymmetry was identified, this position served as starting point for training and further progression. The number of repetitions and sets was individually adjusted according to pain and fatigue (Appendix 2). The sling exercises were performed for 40 minutes once a week in a physical therapy clinic. Figure 1C . This group received general trunk strengthening and stretching exercises, as recommended in the management of nonspecific LBP. 21, 32 Exercises were instructed by a physical therapist and performed in small groups of 2 to 8 people. Exercises performed were, for instance, trunk extension, flexion, and rotation with resistance and stretching of trunk and extremity muscles (Appendix 3). The exercises were performed for 1 hour weekly in a local fitness center with a traditional resistance apparatus and with 10 repetitions in 3 sets. 33, 34 The exercise instructor supervised each participant and individually directed and adapted the exercise performance when needed.
General exercises. The general exercise intervention is shown in
The physical therapists were experienced in the exercise methods applied. Participants in all treatment groups received home exercises for flexibility when considered necessary.
Outcome Measures
Self-reported current pain was the main outcome measure and was rated using the NPRS (0 -10). 25 The strongest experienced pain in the Exercises for Patients With Chronic Low Back Pain previous 4 weeks also was recorded using the NPRS. The Oswestry Disability Index (ODI), modified version, 35 was used to assess disability, 36 also termed "self-reported activity limitation," and the total score was expressed as a percentage. The FearAvoidance Beliefs Questionnaire (FABQ) 37 was used to address negative beliefs that can contribute to prolonged disability. 38 The Fingertipto-Floor Test 39 was used to examine the participants' ability to bend forward in standing by measuring the distance between the longest fingertip and the floor. Lower scores are associated with decreased symptoms for all outcome measures.
All outcome measures were applied at baseline and after the intervention period. Although the baseline assessment was performed blinded, the physical therapist conducting the postintervention evaluation was not blinded to treatment group allocation. At the 1-year follow-up (14 months after randomization), the participants answered a questionnaire on pain and health care utilization. The person who analyzed the data was blinded to group assignment.
Data Analysis
This study was part of a larger project studying the effects of specific low back exercises on symptoms and underlying neuromuscular mechanisms in which the sample size was determined to detect betweengroup changes in feed-forward activity in the TrA with an estimated effect size of 0.8 (unpublished research). We performed an intentionto-treat analysis, and used mixed linear models to estimate mean scores, to estimate baseline-adjusted betweengroup differences, and to test whether baseline-adjusted group differences at posttest were significantly different. Participants completing fewer than 6 of the 8 treatment sessions were excluded from postintervention evaluation, but their baseline data were included in the mixed models analysis. The statistical analyses were performed with SPSS version 17.0* and NCSS 2007.
† The level for statistical significance was set at PՅ.05.
Role of the Funding Source
The Norwegian Fund for Postgraduate Training in Physiotherapy financed the study. The funding organization had no authority over or input into any part of the study. Sling exercise equipment was provided without obligations by Redcord AS.
Results
Recruitment and inclusion of participants were performed between January 2006 and September 2007. After randomization, 36 patients were allocated to the MCE group, 36 patients were allocated to the SE group, and 37 patients were allocated to the GE group (Tab. 1). All participants were included in the statistical analyses, independent of completion. One physical therapist performed interventions for all patients allocated to the MCE group. The sling exercise and general exercise interventions were led by 4 alternating physical therapists. In the SE group, the therapists instructed 22, 8, 4, and 2 participants, respectively. In the GE group, the 4 therapists were continuously alternating. Twelve of 80 participants who were recruited by announcement at the 
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local hospital and 10 of 29 participants who were recruited from primary care dropped out during the intervention period. Reasons for dropouts during the intervention period are shown in Figure 2 . At the 1-year follow-up assessment, 2 people in the MCE and GE groups each and 1 person in the SE group did not return the questionnaire. The people who dropped out were compared with those who completed the study for initial score on background and outcome variables at baseline, and no significant differences were found, as indirectly evident in Tables  1 and 2 . The interventions were carried out as planned and are described in the "Method" section.
Postintervention and 1-Year Follow-up Assessments
No significant differences were found among the groups at the postintervention assessment for pain, activity limitation (ODI), the FTF, fear-avoidance beliefs for physical activity, or fearavoidance beliefs for work (Tab. 2, Fig. 3 ). Mean current pain group differences (95% confidence interval) after intervention, adjusted for baseline score, were 0.3 (Ϫ0.7 to 1.3) in the MCE group compared with the SE group, 0.7 (Ϫ0.6 to 2.0) in the SE group compared with the GE group, and 1.0 (Ϫ0.1 to 2.0) in the MCE group compared with the GE group (Pϭ.19 for overall group difference, Tab. 2). At the 1-year follow-up assessment, group differences in mean current pain adjusted for baseline score were 0.4 (Ϫ0.7 to 1.4) in the MCE group compared with the SE group, 0.3 (Ϫ0.8 to 1.4) in the SE group compared with the GE group, and 0.7 (Ϫ0.3 to 1.7) in the MCE group compared with the GE group (Pϭ.42 for overall group difference). Mean adjusted group differences in activity limitation score (ODI) after intervention were 0.6 (Ϫ4.3 to 5.4) in the Enrollment of patients and completion of study.
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MCE group compared with the SE group, 3.0 (Ϫ2.4 to 8.5) in the SE group compared with the GE group, and 3.6 (Ϫ0.5 to 7.6) in MCE group compared with the GE group (Pϭ.21 for overall group difference).
Of the participants, 48% in the MCE group, 41% in the SE group, and 50% in the GE group sought therapy for LBP the year after intervention (Tab. 3), and 24% in the MCE group, 31% in the SE group, and 42% in the GE group used medication because of LBP the year after intervention. One participant in the SE group reported adverse effects of the intervention and withdrew from the study.
Discussion
This study compared motor control exercises, sling exercises, and general exercises in the early phase of rehabilitation for patients with chronic nonspecific LBP. A course of 8 treatments did not show any overall group effects in pain, disability, and fear-avoidance beliefs. A 10-unit (percent) change in ODI score 40 and a 2-point change in NPRS score (0 -10) have been suggested as minimum important changes for patients 25, 40, 41 and have been interpreted to represent clinically relevant between-group differences. 3 The observed mean effects in this study did not reach these levels. However, we cannot exclude that motor control exercises are favorable for reducing pain relative to general exercises because the clinically important difference for pain 40 was included in the confidence interval a MCE group received low-load motor control exercises, SE group received high-load sling exercises, and GE group received general exercises. b Low back pain treatment administered by a physician, physical therapist, chiropractor, osteopath, or acupuncture practitioner.
Figure 3.
Mean scores, with 95% confidence intervals, for the outcome measures in each of the 3 intervention groups: (A) pain scores (Numeric Pain Rating Scale [NPRS]) before and after intervention and at the 1-year follow-up, (B) activity limitation scores (Oswestry Disability Index) before and after intervention, and (C) distance between fingertip and floor before and after intervention. MCE group received low-load motor control exercises, SE group received high-load sling exercises, and GE group received general exercises.
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(Tab. 2). The results from this study gave no evidence of added benefit of specific exercises over general exercises for people with chronic LBP.
Certain limitations apply to this study. Sample size was calculated based on desired effects on onset of muscle activity in the TrA (unpublished research). With the reported effect sizes for pain (Tab. 2), the study would have needed 59 participants in each group to declare a difference as statistically significant at the Pϭ.05 level (80% power). Still, for clinically important changes in pain of 2 points on the NPRS, the study had acceptable power (Ͼ80%). Blinding is practically impossible in exercise interventions. This limitation was mainly critical for the fingertip-to-floor measurements in this study because pain, disability, and fear avoidance were assessed by the participants without interference of the researchers. Adherence to allocated treatment is important for sound comparison of interventions, which was the reason for excluding participants who attended fewer than 6 treatment sessions from the postintervention evaluation. This exclusion of participants may have created biased results. However, the baseline data for these individuals were included in the mixed model analysis. Twice as many participants dropped out of the GE group compared with the other exercise groups. If most of the dropouts in the GE group were due to lack of effect, this factor would underestimate the between-groups differences (ie, reduce the difference between the GE group and the MCE and SE groups).
Some caution should be advocated in generalizing the results to clinical populations. A large proportion of participants were recruited directly by announcement at a local hospital (73%).
Although participants who were recruited directly were not differentiated by pain symptoms from those who were recruited from health care providers, there was a difference in dropout rate (15% versus 40%, respectively). This difference might have been due to a greater degree of motivation among the participants who initiated participation themselves. The exercise interventions were carried out to reflect clinical practice, which strengthens generalization and interpretation of the results.
Distress and fear-avoidance beliefs can contribute to the maintenance of LBP. 42 Exercises may lessen the behavioral, cognitive, and affective aspects of chronic nonspecific LBP, 43 but no change in fear-avoidance beliefs was observed in this study.
Motor control exercises for people with LBP consist of several stages, from cognitive awareness and isolated activation of deep trunk muscles to control of movement and stability in more-complex functional tasks of daily living. 22 Motor control theories imply that functionally oriented and varied exercise should be incorporated early in rehabilitation. 44, 45 The objective of the motor control exercise intervention in this study was to increase activity and voluntary control of the deep abdominal muscles. Visual feedback from real-time ultrasound imaging was used to optimize performance, which was further emphasized through individual instruction and encouragement by the therapist operating the ultrasound device. This intervention may be regarded as earlystage exercises in a more comprehensive motor control exercise program, with little focus on integrating the exercises into everyday activities. It is possible that a more comprehensive approach encompassing all aspects of motor control retraining could produce different results.
The effects of motor control exercises in people with chronic LBP have been investigated in a few studies. The MCE group versus GE group differences in the present study were larger for pain and smaller for disability relative to pooled effect sizes in a review on motor control exercises versus other forms of exercise. 4 An 8-week program of motor control exercises resulted in better short-term function, reduced pain, and improved perceived effect relative to general exercises. 7 Effect sizes (95% confidence interval) for pain after 8 weeks and 1 year were 0.8 (0.1 to 1.6) and 0.3 (Ϫ0.6 to 1.3) in favor of motor control exercises compared with general exercises on a scale of 0 to 10. Corresponding effect sizes in the present study were 1.0 (Ϫ0.1 to 2.1) and 0.6 (Ϫ0.4 to 1.7) in favor of motor control exercises. The effect sizes were similar despite a more extensive motor control exercise approach in the former study. Costa et al 20 compared a comprehensive motor control exercise program with placebo ultrasound and shortwave therapy. After 12 treatments, motor control exercises had beneficial effects on global impression of recovery, activity, and activity limitation. Improvement also was found in pain intensity at 12 months but not at 2 and 6 months. The authors argued that because the clinical improvements were small, some patients and clinicians may not consider these effects clinically worthwhile. The cited studies and the present study support the findings of systematic reviews that motor control exercises 4 and stabilizing exercises 5 are not more effective or only marginally more effective than general exercises. However, a recent review concluded that motor control exercises were better than minimal intervention in reducing pain in the short term, intermediate term, and long term by 10 to 15 points on a 100-point scale, but not better than other forms of exercises. 4 The sling exercise intervention addressed the ability to stabilize the lumbar spine while moving the lower extremities with unstable support. Both strength and muscle coor- The GE group served as control group, and the general exercise intervention was constructed to adhere to current evidence of best practice, 47, 48 with advice and supervised activity that included strengthening and stretching exercises that are central in LBP rehabilitation 32, 48 and with individual guidance by a physical therapist when considered necessary. The results indicate that general exercises could be recommended, similar to sling exercises and motor control exercises, when aiming to reduce pain and disability in the early phase of LBP rehabilitation.
Motor control exercises are intended to alter underlying neural mechanisms shown to be associated with LBP. As little as one session with muscle contraction practice can alter cortical excitation 49 and cause improvement in deep abdominal muscle onset of activity. 50 Isolated voluntary contractions of the TrA have induced a shift in motor cortical representation of the TrA toward that observed in individuals who were healthy by as little as 2 weeks with motor skill training. 51 Only marginal changes in muscle contraction properties (abdominal muscle slide and thickness) during the ADIM were observed in participants over the intervention period in a separate substudy. 52 There is a need to scrutinize links between neural mechanisms and symptoms to advance outcome measures in LBP research.
Patients with nonspecific LBP constitute a heterogeneous group. 6 Mechanism-based classification methods that can identify subgroups in need of either movement or control enhancement have been proposed. 53, 54 The specific exercises in the present trial aimed to address muscle dysfunctions, 55,56 but subject-specific deficits in neuromuscular control were not a selection criterion. To date, classification systems for LBP are insufficiently supported by scientific evidence. 57 Whether exercises tailored to deficits in strength, flexibility, neural firing patterns, or voluntary control of muscles that stabilize the spine lead to enhanced clinical outcome needs to be explored.
Conclusion
No significant group differences were found in pain, disability, trunk flexibility, or fear-avoidance beliefs after 8 weeks of motor control exercises, sling exercises, and general exercises in patients with chronic nonspecific LBP. However, confidence intervals for improved outcome spanned clinically important differences in favor of the motor control exercise intervention compared with the general exercise intervention, meaning clinically important additive effects of motor control exercises cannot be excluded. The study was approved by the Regional Ethics Committee.
The results of this study were presented at the 7th Interdisciplinary World Congress on Low Back and Pelvic Pain; November 9 -12, 2010; Los Angeles, California.
The Norwegian Fund for Post-Graduate Training in Physiotherapy financed the study.
